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ABSTRACT

Whistlers were observed in the wideband data from the plasma
wave experiment during the Voyager 1 encounter of Jupiter. In a
nine hour period near closest approach a total of 167 whistlers,
90 of which were suitable for study, were found to éccur in three
distinct regions. No recognizable whistlers were observed outside
of ~ 6 R; or on L-shells within the imner edge of the Io plasma
torus. Two of the three regions in which whistlers were observed
are in the northern portion of the torus. Five whistlers with
dispersions on the order of 275 sec Hzl/2 comprised the first group
observed and travelled through a much larger portion of the torus
than the second group. The second group, consisting of 79 whis-
tlers, was located in the region of the cold torus core and mainly
had dispersions ranging from 50 sec Hzl/2 to 70 sec Hzl/a. The
six members of the third group were observed in the southern portion
of the torus and had dispersions between 390 sec Hzl/e and 560 sec
Hzl/2 indicating their passage was through the bulk of the torus.
The southern hemisphere appears to be the source of the whistlers in
the first group while the northern hemisphere has the most evidence
supporting it as the source for the second and third groups. The

magnetic field lines passing through the whistler regions were
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traced back to the planet's surface and indicated possible source
regions for the whistlers at ~ 52°, ~ -71°, and ~ 76° latitude. A
calculation of whistler amplitudes shows their peak intensities to
be on the order of 30 p.,Vm—l. Analyses of the upper and lower whis-
tler cutoff frequencies indicate a plasma temperature in parts of

the torus as high as (2-3) x ].O5 °K.
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1. TINTRODUCTION

The Voyager 1 spacecraft includes a plasma wave instrument
which provides-measurements of low frequency plasma waves (10 Hz to
56 kHz). During the Voyager 1 encounter of Jupiter, a number of
lightning-generated whistlers were identified in the electric field
waveform measurements made by this instrument [Gurnett et al.,
1979]. Whistlers are identified by the freguency-time variation of
their signal. A formula first posed by Eckersley [1935] describes

the dispersion properties of whistlers
t = DAST + by

where t is the arrival time of a specific frequency f, and D is a
constant known as the dispersion. Figure 1 shows two clearly
defined whistlers. The first has a dispersion equal to

290lsec Hzl/2 while that of the second is 275 gec Hzl/a. Whistlers
propagate at fregquencies below the electron gyrdfrequency and are
guided along magnetic field lines from one hemisphere to the other.
An extensive explanation of the whistler phenomena is given by

Helliwell [1965].



This thesis is intended to give a concise compilation of
whistler dispersions, rates of occurrence, and lccations of zll
Whistlefs observed during the Voyager 1 flyby of Jupiter. A dis-
cussion as to the possible source regions of the whistlers is
presented. Ad@itionally, calculations of whistler peak intensities
are performed, a rough approximation of the Io plasma torus tempera-
ture is made, and the question of whether or not a region of
preference exists for whistler propagation through the magnetosgphere
is considered.

In understanding the whistler analysis process, a brief
description of the plasma wave system on board Voyager 1 is appro-
priate. ZElectric field signals received by the antennas pass
through a preamplifier and then a differential amplifier which pro-
vides an output proportional to the voltage difference between the
two antennas. The signals are then processed in two ways: (1) by a
16-channel spectrum analyzer; and (2) by a waveform amplifier. The
16-channel spectrum analyzer lacks sufficient frequency and temporal
resolution for whistler analysis, but provides absolute spectral
deﬁsity information used 1ater in this study. High resolution
frequency-time measurements of electric field waveforms were pro-
vided by the waveform amplifier. The bandwidth of these measure-
ments is limited to the range 50 Hz to 10 kHz by a bandpass filter.
An automatic gain control circuit comprises the waveform amplifier

and maintains a constant output amplitude independent of the input



signal amplitude. Because the output amplitude is constant, abso-
lute whistler peak intensities camnnot be obtained from the waveform
data alone. This is an important limitation discussed extensively
later in thisrthesis. The waveform amplifier output is processed at
a rate of 28,800 samples/sec by a h—bit A/D converter and the

115.2 kbps output is recorded by the spacecraft data storage system.
The telemetry system dovn link is shared with the imaging system
providing the advantage of high rate data transmission but the dis-
advantage of limiting waveform data transmissions to selected
pericds. For a ﬁore extensive description of the instrumentation,

see Scarf and Gurnett [1977].



IT. OBSERVATIONS

A. E#@ent of Observation and Method of Measurement

Figure 2 shows the trajectory of Voyager 1 during the
14 hours of closest approach. The time period chosen for the study
begins at 6:16:2% UT and ends at 15:08:41 UT. The original proposal
of the study included time after 15:08:41 UT but data are not avail-
able between 15:08:41 UT and 19:45 UT. The digital wideband data
are received in 48-second frames and are converted to analog
frequency-time spectrograms. In all, 141 frames, representing 21%
of the time period, are availlable for whistler detection. The three
regions marked as A, B, and C represent periods where whistlers were
detected. Figure 3 shows the relative scale of the distance to the
region where whistlers from Juplter are observed compared to the
distance to the region where Earth-produced whistlers occur.

Whistler dispersions were determined by taking frequency and
time measurements from the individual whistlers which were dispiayed
in frequency-time spectrograms such as the cne in Figure 1 and
applying the Eckersley formula. An average of five pairs of
measurements were taken directly from the spectrograms for each
whistler having a dispersion greater than 100 sec Hzl/2 and the mean

of the dispersion calculations for each was used in the study. To



determine the dispersion of whistlers under 100 sec Hzl/2 a trans-
parency was created with whistlers drawm on it with dispersions from
20 sec ézl/z to 100 sec Hzl/2 at 5 sec Hzl/2 intervals. The trans-
parency was laid over the spectrograms and the whistlers were then
matched to the nearest curve. Dispersions of whistlers could be
read to within + 2 sec Hzl/2 which meant that the percent deviations
from the actual values were at most L% for whistlers with disper-
sions equal to 50 sec Hzl/ghand 3% for whistlers with dispersions
equal to 70 sec Hzl/g. Percent deviations about the mean for whis-
tlers having dispersions greater than 100 sec Hzl/2 were less than
2%. It should be noted that the Eckersley formula is an approxima-
tion but its use is well within the accuracy constraints of this
study for the range of whistler frequencies under investigation
[Menietti and Gurnett, 1980].

A total number of 167 whistlers were identified in the data,
90 of which were used in the study. The other 77 lacked sufficient
temporal and/or freguency extent to allow reliable dispersion
measurements. Although they were not included in the dispersion
stétistics, the magnitudes of their dispersions were judged to be on
the same order as the dispersion values for the analyzed whistlers

within the same time interwval.



B. Region of Occurrence

1. Jupiter as Source

fhe analysis now turns to a determination of fhe likely
source regioné for the whistlers. Although Jupiter is generally
accepted as the source of all observed whistlers, the claim demands
some proof because Io could be capable of producing whistlers. TIo
is recognized as a possible source because it has active volcanoes
[Smith et al., 1979] and volcanoes on Earth have produced lightning
which infers the possibility of lightning on To. Gurnett et al.
[1979] was &ble to demonstrate that Jupiter is the source of the
whistlers. Two observations provide the key evidence. Tirst, the
lightning source is known to lie somewhere near the magnetic field
line through the spacecraft because the whistler mode ray path
cannot vary more than 19° from the local magnetic field [Helliwell,
1965]. Regarding the whistlers in regions A and B of Figure 2, only
Jupiter was in the whistler mode propagation cone. Jupiter and Io
lie within the propagation cone for whistlers in region C. Here
again, Jupiter is accepted as the source not only because it must be
the source to explain the presence of the whistlers in regions A
‘and B, but because the whistler intensities for the two regions, as
approximated by Gurnett et al. [1979], are both on the order of

20 uVm-l.



2. DNorthern and Southern Hemispheres as
Points of Origin

The question of the whistler source region now centers on
deciding which hemisphere the whistlers originate from. Figure k4
provides a guideline for this discussion. The whistlers in region A
have dispersions on the order of 250 see Hzl/e. Figure 1 has two
clear examples of whistlers with that approximate disPersion value.
Region B contains whistlers having much smaller dispersions than
those in A. The range of dispersions is primarily between
50 sec Hzl/2 and 70 sec Hzl/e for whistlers of region B. Bee
Figure 5 for examples of region B whistlers. Whistlers in region C
have large dispersions on the order of 500 sec Hzl/e. Figure 6
shows two region C whistlers. It is important to note the differ-
ences in the time scales of the three whistler figures in order to
see the relative dispersion sizes. The range of dispersions for all
measured whistlers is represented in the lower panel of Figure 7.
Because no whistlers were found in the data from 0617 UT to 0900 UT,
that period was dropped from the figure to allow a more detailed
scale. Also, the whistler occurrence rate was so high at times, up
to 32 per 48 second frame, that whistlers wiﬁhin 40 seconds of each
other were averaged into single data points. Only whistlers of
similar dispersion were averaged as groups. The error bars repre-
sent the standard deviation. The important point to notice in
Figure 7 is the fluctuation of dispersion values among the whistlers

in all three of the regions. Whistlers occurring within seconds of



another have differences in dispersions as large as Lo%. This,
coupled with the fact that there is no regular pattern among the
dispersion shifts, indicates that the density within the torus may
have large scale irregularities. Figure 8 shows in histogram form
the number of whistlers in regions A, B, and C.

Before we can hypothesize-on the possible scurce regidns, two
other pieces of relevant information must be added to the analysis.
First, it is established that the dispersion of whistlers increases
with both distance of propagation along the ray path and density of
the medium traversed. Secondly, the whistlers are detected in the
region of the To plasma torus whose existence has been established
with planetary radio astronomy measurements [Warwick et al., 1979]
and with the ultravioclet spectrometer [Broadfoot et al., 1979]. The
Lo plasma torus is the primary cause of the whistler dispersions.
Based on ray tracing calculations, it has been found that the con-
tribution to the overall dispersion value of any given whistler by
Jupiter's ionosphere and magnetosphere is only on the order of 4 or
5 sec Hzl/2 [D. A. Gurnett, private communication, 1981L]. This
contribution is negligible compared to the measured dispersion
values.

Thus it is apparent that the whistlers of region A_should
have a higher dispersion since they have traversed a denser reglon
through the torus than those in B although the path length for

whigtlers of the two regions are not significantly different.



Referring again to Figure h, the information of interest is the
series of electron density contours taken from Bagenal et al.
[1980]. Because of the irregular shape of the torus, whistlers in
regions A and C traversed much more of the plasma region than whis-
‘tlers of regi&n B. A large temperature gradient exists at ~ 5.7 RJ
with the high end away from Jupiter [Bagenal et al., 1980]. The
higher temperatures outside of 5.7'RJ cause the torus to diffuse and
create greater scale heights. Region A lies in the high temperature
zone while region B is in the neighborhood of the cold torus core.
Accepting these contours as accurate, we now see that even though
the region B whistlers were observed within minutes of those in
region A, the region A whistlers traversed a great deal more of the
torus and thus have much greater dispersions. The fact that the
gspacecraft's trajectory is near the north boundary of the torus and
the whistler dispersions are relatively small leads to the conclu-~
sion that the region B whistlers have their source in Juplter's
northern hemisphere. A conclusion is not as easily drawn for the
whistlers of region A. The trajectory of Voyager 1 is only slightly
north of the equatorial plane here. A case can be made for either
hemisphere as being the source.

Recent information from Tokar et al. [1981] indicates that
the region A whistlers have theilr source in the southern hemisphere.
They calculated transit times by an integration of the group index

of refraction along the field line from the lightning source to the
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spacecraft. From the transit times they calculate a dispersion. An
important assumption is made for the magnitude of the ion density.
They have combined the plasma instrument (PLS) heavy-ion positive
charge densities with estimated light-ion densities based on pre-
serving 1oca1-charge neutrality. The magnitude of a whistler's
dispersion is dependent on the electron density of the region it
traverses and the electron density is eﬁual to the sum of the ion
densities. Their calculations yield dispersions consistent with
those of this study when the region B and C whistlers are treated as
coming from the northern hemisphere and the region A whistlers are
treated as coming from the southern hemisphere. The case for
region C is the strongest. It is located well south of the equa-
torial plane and the whistlers found there have large relative
dispersion sizes which further promotes the conclusicn that these
whistlers originated in Jupiter's northern hemisphere. The evidence
points strongly'téward the conclusion that whistlers emanate from
both hemigpheres although no lightning was visually cbserved in the
southern hemisphere [Cook et al., 1979].
3. Point of Origin in Terms of
Jovicentric Coordinates
An approximation as to the location of the source region on
the planet's surface can be made by following the magnetic field
lines that pass through the whistler regions back to the surface.

Figure 9 shows a ploi of the foot of the field line through To
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across a grid representing the planet's surface. The model used to
determine the positioning of the foot of the Io field line is the
Acuna and Ness [1976] OM model. The dark patches represent the
probable source regions of the whistlers. Region A is shown as Al
and A2 because it has not been shown conclusively which hemisphere
the region A whistlers have as_their source. The latitudes for
these probable source regions are ~ 48° for Al, ~ -T1° for A2, ~ 52°
for B, ~ 76° for C. The longitudes range from 209° - 217° for
regions Al and A2, 219° - 234° for region B, and 339° - 347° for

region C.

C. Calculation of Whistler Intengities

Whistler peak amplitudes were calculated using the wideband
data and the spectrum analyzer data. Nonaveraged plots of amplitude
versus frequency were made of the wideband data. TFigure 10 is an
example. Note the whistler peak. The difficulty with the measure-
ment lay in the fact that the amplitude scales do not have absolute
values as a result of the AGC output being constant. To determine
those absolute values, the spectrum analyzer output, which is
gbsolute, was used. The spectrum analyzer makes a sweep through its
16 channels in a period of 4 seconds. Plots'of amplitude versus
frequeﬁcy were made of the spectrum analyzer output for the time
frames in which the observed whistlers were detected. These plots
were then matched with wideband amplitude frequency plots that were

averages of groups of 10 consecutive nonaveraged plots. Nonaveraged
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plots have a time sweep of .06 sec. This matching process provided
an absolute scale for the wideband data. The averaged plots were
then matched with the nonaveraged plots in order to put an absqlute
value on the whistler peaks. The peak heights were read in units of
spectral density (V2 me qul). The calculation of whistler peak
intensities involved multiplying the value for the whistler peak
times the frequency half-width at half-height and then taking the
square root. This produced the whistler peak intensity in the
proper units of Vm"l. Unfortunately, only two whistlers had signals
that were differentiable from the background noise. Both were from
region A and are the ones shown in Figure 1. The first whistler,
with dispersion equal to 290 sec Hzl/eJ hag a peak intensity of

~ 27 uthl at 3.3 kilz. The secénd whistler, with dispersion equal
to 290 sec Hzl/g, has a peak intensity of ~ 39 me“l at 4.5 kHz.

The intensities are given at specific frequencies rather than
integrated because the data are not complete enough for that calcu-
lation. Also, at any given instant in time, only a certain

frequency width of the whistlers is wvisible in the data.

D. Region of Preferred Propagation

Going back to Figure 2 we see sizeable time periods where no
whistlers were found in aﬁy of the frames available. Regions of
preference either for whistler production at Jupiter or along the
paths of propagation are possible explanations but other factors

need to be considered closely before a conclusion can be founded.
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To help explain the data veld a plot of electric field strength over
the 10 channels from 562 Hz to 10 kHz versus UT was produced (see
Figure 11) and combined with a histogram of whistler occurrence
versus UT. The main point to draw from this figure is that the
whistlers are grouped in regions of low broadband noise. Where the
noise was relatively high, whistlers were not found in the data.
The possibility is recognized that whistlers may have been present
vhere the spectral density is relatively high, but were overshadowed
by the broadband noise. This is possible due to the effects of the
automatic gain control in the plasma wave package. Since the AGC
receiver output amplitude is virtually constant and independent of
the input signal, signals in the same frequency range as the whis-
tlers and with much greater intensity than the whistlers would
command a correspondingly larger share of the output from the AGC.
In this situation, the whistler signals would be overshadowed. To
accommodate instantaneous fluctuations in the signal level, the A/D
converter covers a dynamic range of +6 dB to -17 dB from the
constant average output level. For that reason, the two whistlers
with the computed peak intensities of 27 uVw © and 39 yVm *,
respectively, were visible because the "dip" they coincide with in
Figure 11 indicates a lower limit to the instrument's detection
sensitivity at that time of 25 yVm *. The next "dip" in the
integrated field strength curve where data are available and no

whistlers are found has a lower limit of 37 me"l. If we assume
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that the two whistlers with measurable peak intensities have the
largest intensities of all the whistlers, then it is clear that
whistlers are probably not visible in the wideband data during -
periods other than the one they are presently found in because the
waveform amplifier did not detect them. The large "dip" in

Figure 11 corresponding to where the bulk of the whistlers are seen
indicates a lower limit on the amplifier's sensitivity of 1L umel
for that time period. Although no conclusion can be made as to
whether or not a region of preference exists for whistler propaga-
tion, the indication here is that whistlers probably would have been
seen in other regions had the background field intensities been low
enough.

The highest background noise level of about 1000 umel
occurred between 0600 and 0700 UT. Since whistlers could be
detected down to 17 dB below this level, it is conecluded that whis-
tler amplitudes did not exceed 140 me_l at any time during the

Voyager 1 pass.

E. Io Torus Temperature Analysis

An approximation of the torus temperature along the field
lines through the spacecraft where whistlers are found (between 5
and 6 RJ) can be made through an analysis of whistler low cutoff
frequencies. The upper panel of Figure T gives whistler frequency
ranges for all the whistlers studied. The same type of averaging

process described in reference to the lower panel of Figure T was
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used here as well. The upper panel of Figure 12 gives a blowup of
the period 09:30 UT to 10:30 UT. Individual whistler frequency
ranges are presented. Menietti and Gurnett [1980] are able to put
an upper limit on the torus temperature with an investigation of
Landau damping. Assuming the whistlers to be nonducted, the wave
normal angle of a whistler will increase as 1t passes througﬁ the
dense torus and Landau damping will occur. The general expression
for collisionless damping given by Kennel [1966] is then applied and
combined with a calculation of attenuations. To place an upper
bound on the torus temperature, they use the lowest cutoff freguency
of the whistlers which have passed through the bulk of the torus.
The lowest cutoff frequency thus chosen is 1770 Hz as measured from
a region A whistler. A cutoff in this range places an upper hound
on the torus temperature of approximately (2-3) x lO5 °K [Menietti
and Gurnett, 1980]. This is in fair agreement with the average time

2 °K calculated by Broadfoot et al. [1979]

 electron temperature of 10
using the Voyager 1 ultraviolet spectrometer.

When constructing Figures 7 and 12 it was hoped that some
sort of pattern in the data would become apparent. Perhaps the
whistler dispersions would be seen to steadily increase with time or
some type of consistent changes in frequency ranges would arise.
Unfortunately, if a pattern does exist, it cannot be derived because

the whistlers are not distributed sufficiently over space to provide

one.
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ITII. DISCUSSION

The study of dispersion, frequency, and intensity character-
istics of whistlers passing through the Io torus has provided
several important pieces of information. Based on relative disper-
sion sizes and electron density profiles of the To torus, it was
determined that the northern hemisphere is the most likely point of
origin for the whistlers in regions B and C of Figure L, while the
southern hemisphere is the probable point of origin for the whis-
tlers in region A. Computer generated dispersion values obtained
from Tokar et al. [1681] for the three regions are in agreement with
these point of origin determinations. The field lines through the
whistler regions were traced back to the planet's surface and the
whistlers of region A were found to emanate from either ~ -T1°
latitude, 209° - 217° longitude or +48° latitude, 209° - 217° longi-
tude. Of the two possible source regions, the computer calculations
fagor them coming from ~ -71° latitude, 209° - 217° longitude.
Whistlers of region B were found to emanate from ~ 52° latitude,
219° - 234° longitude, and those of region C from.~ 76° latitude,
339° - 347° longitude. Cook et al. [1979] observed a lightning
activity between 45° and 55° latitude, 27° and 51° longitude.

Figure 9 shows the locations of their observations in Jovicentric
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coordinates. Although they only observed lightning activity in the
northern hemisphere, it should be pointed out that their ability to
observe the southern hemisphere was rather restricted. It is not
possible to compare whistler points of origin directly with
lightning activity because the lightning observations took place
during a short time period approximately three hours after the last
whistlers were observed. Since Jupiter rotation rate is on the
order of 10 hours, Cook et al. [1979] had a quite different view of
the planet from that which they would have had during the whistler
observations (see Figure 9). Nonetheless, it is worth noting that
the whistlers of region B, by far the largest group in terms of
number, are in the same latitude range as the observed lightning
activity.

Measurements of the peak intensities of two clearly defined
whistlers gave values of 27 meul and 39 uVm‘l. These numbers are
in good agreement with the earlier Gurnett et al. [1979] whistler
intensity estimation of 30 me-l. Assuming the 39 uVm_l whistler
peak intensity to be the strongest signal, it appears that the non-
existence of whistler observations for extended time periods was a
result of the relative size of the background field intensity rather
than an indication that regions for preferred prqpagagion exist (see
Figure 11).

Menietti and Gurnett [1980] were able to put an upper limit

on the torus electron temperature for regions in which whistlers
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were found by applying some Landau damping theory to data involving
vhistler low frequency cutoffs. The value of 1770 Hz as the lowest
cutoff for a long dispersion whistler gives an upper bound of‘
(2-3) % 10° °K which is in good agreement with the Broadfoot et al.
[1979] average torus electron temperature calculation of 105 °K.
Another point of interest gleaned from the data was that even though
whistlers were found to occur at rapid rates in places with as many
as 32 appearing in one 48-second frame, there was no evidence of
miltiple-hop whistlers. As an explanation, Menietti and Gurnett
[1980] proposed that the vast majority of whistlers, including the
ones in the study, are nonducted and therefore the Landau damping
phenomena becomes very strong for those passing through the dense
torus. After the first traversal of the equatorial plane, the

whistler signals attenuate out and thus would not be detected as

passing back through the torus.



19

Figure 1. A frequency-time spectrogram showing two distinet
whistler signals. The ordinate axis represents frequency
from O to 10 kHz. The abscissa is calibrated in seconds.
The first whistler has a dispersion equal to 290 sec Hzl/2
and the second cne is equal to 275 sec Hzl/2. This spectro-

gram begins at time 0912:48 UT.
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Figure 2. Trajectory of Voyager 1 during closest approach to
Jupiter, March 5, 1979. Regions A, B, and C denote locations

where whistlers were detected.
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Figure 3. Diagram showing the relative distance out from Jupiter
that whistlers were observed in relation to the distance from
Earth that terrestrial whistlers have been observed. The
locations of the Earth's plasmapause and bow shock are

included to give more meaning to the scale.
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Figure 4. Trajectory of Voyager 1 during closest approach super-
imposed on the Bagenal et al. [1980] electron density con-
tours. Contour levels are in steps of 200 cm-5. Whistlers
were detected in regions A, B, and C. Dispersions for
whistlers in region A are on the order of 250 sec Hzl/e.
Whistlers in region B have dispersions predominately between
50 sec Hzl/2 and TO sec Hzl/2 while those in region C are on

the order of 500 sec Hzl/g.
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Figure 5. A frequency-time spectrogram showing several whistler
signals. The ordinate axis represents frequency from O to
T kHz. The ahscissa is calibrated in seconds. The time of
the spectrogram begins at 1016:2L.5 UT. The whistlers in the

2
spectrogram have dispersions on the order of L5 sec Hzl/ 4
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Figure 6. A frequency-time spectrogram showing two distinct whis-
tler signals. The ordinate axis represents frequency from O
to 10 kHz. The abscissa is calibrated in seconds. The time
of the spectrogram begins at 15:07:05 UT. The first whistler
has a dispersion equal to 430 sec Hzl/2 and the second one is

2
equal to 477 sec Hzl/ .
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Tigure 7. Upper penel: Frequency ranges for all whistlers used in

the study versus UT. High and low frequency cutoffs for
whistlers occurring within 40 seconds of one another were
averaged so that data would fit the time scale. Numbers
below lines represent line number of whistlers averaged to
produce the line. The study begins at 06:17 UT but the time
period preceding 0000 UT which contained no detectable whis-
tler occurrences has been deleted to increase the clarity of
the diagram. Thiclk ticks along the time axis denote periocds
where waveform data i1s available. Lower panel: Whistler
dispersions versus UT for all whistlers used in the study.
Dispersiong of whistlers occurring within 40 seconds of one
another have been averaged for the calculation of individual

data points. Error bars denote the standard deviation.
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Figure 8. Histogram of whistler occurrences versus dispersion.
Note the representation of three distinct groups. The
whistlers with dispersions lesg than 100 sec Hzl/2 were
detected in region B of Figure 4. Whistlers with dispersions
between 200 sec Hzl/2 and 300 sec Hzl/2 correspond to
region A and those with dispersions greater than 375 sec

Hzl/2 were observed in region C of Figure L.
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Figure 9. Jovicentric coordinate grid as represented in two dimen-
sions. The dashed curves represent the foot of the field
line passing through To and were positioned in accordance
with the Acufia and Ness [1976] Model OM' Regions A, B, and C
represent possible source regions of whistlers. The loca-
tions of visible lightning activity as detected by Cook et

al. [1L979] are in the upper right-hand corner.
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Figure 10. An amplitude-frequency spectrogram from the wideband
data. The ordinate axis represents spectral density in units
of Ve m_2 Hz-l. The abscissa is calibrated in kHz. The
whistler signal is centered at 4.5 kHz, has an amplitude of

-1 ; : - L/2 g
39 pVm ~, and a dispersion equal to 275 sec Hz .  The start

time of the spectrogram is 0912:59.1 UT.



SPECTRAL DENSITY

(VZm™2 s

; A-GBI-4T78
10— T T T T T T 1
WHISTLER SIGNAL 5
, _~(INTENSITY~ 3.9 X0
IO—” Vm—I )
. N
I !
12 I | I
N I Rl
i ,‘|] 1J‘ I , r -!) ' :1 ﬂJ i i{
IO—IS | " ¥
I I R A AN R R N S N
O | 2 3 4 5 6 7 8 9 0 Il 12

REGION A, WHISTLER DISPERSION = 275 ( SEC-Hz'/?)

FREQUENCY ( kHz)

DAY 64, MARCH 5, 1979, 912:59.1 UT

Figure 10

38



Figure 11. Upper panel: Histogram of whistler ocecurrences versus
UT for time period 06:00 UT to 16:00 UT. Dots along lower
time axis denote periods where waveform data is available.
Lower panel: Plot of spectral density versus UT for time
period 06:00 UT to 16:00 UT. (Note that whistlers are

detected in regions of relatively low broadband noise.)

59
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Figure 12. Upper panel: Individual whistler frequency ranges
versus UT for whistlers occurring between 09:30 UT and
10:20 UT. Lower panel: Individual whistler dispersions

versus UT for the time period between 09:3C UT and 10:30 UT.
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